Stationary and pursuit fixation may involve different fixation mechanisms that are reflected by differences in saccadic reaction times (SRTs). Gap, Simultaneous, and Overlap interval paradigms provided three distinct SRT ranges for comparisons between these two viewing conditions. SRTs following pursuit fixation were longer than following stationary fixation, but were similarly affected by the interval paradigms. The SRT increase with smooth pursuit was largely explained by additional demands for programming oblique saccades. The paradigm dependent SRT relationships also persisted after timing cues were minimized. These results indicate that stationary and Ipursuit fixation have similar responses to different fixation paradigms and do not implicate the existence of multiple fixation processes.
INTRODUCTION
Visual exploration of a scene involves consecutive shifts of visual fixation. During these fixation shifts active fixation is disengaged, saccades are initiated that rapidly move the fovea to a new location and then fixation is reengaged. Neurons with response behavior associated with visual fixation have been discovered in multiple brain areas of the monkey (Lynch, Mountcastle, Talbot & Yin, 1977; Suzuki & Azuma, 1977; Sakata, Shibutani & Kawano, 1980; Hikosaka & Wurtz, 1983; Schlag & Schlag-Rey, 1984; Seagraves & Goldberg, 1987; Bon & Lucchetti, 1992; Matsumura, Kojima, Gardiner & Hikosaka, 1992; Schlag, Schlag-Rey & Pigarev, 1992 , Munoz & Wurtz, 1993 . This presence of fixation-related neurons in these multiple brain areas, plus the existence of different fast and slow eye movement systems, raises the possibility of multiple, different fixation mechanisms. For example, fixation on a stationary target may use different neural processes than fixation on a moving target, referred to as pursuit fixation. Both stationary and pursuit fixation, however, provide high acuity of a target and both may activate the same fixation-related neurons, suggesting similar neural processes (Lynch et al., 1977; Noda & Suzuki, 1979; Schlag & Schlag-Rey, 1984; Schlag et al., 1992; Munoz & Wurtz, 1993) . If stationary and pursuit fixation behave distinctly different or the same under a variety of experimental conditions, then different or similar fixation mechanisms may be respectively implied. Alterations in the timing of the disengagement of active fixation may be reflected by changes in saccadic reaction time (SRT). For example, the temporal interval between the offset of a fixation target and the onset of a peripheral saccade target significantly affects mean SRTs (Saslow, 1967) . When a fixation target is extinguished prior to the presentation of a saccade target (Gap paradigm), mean SRTs are decreased approx. 50msec when compared to a simultaneous offset and onset of fixation and saccade targets (Simultaneous paradigm). When the fixation target remains on after saccade target onset (Overlap paradigm), SRTs are increased approx. 50 msec.
The Gap, Simultaneous and Overlap paradigms may affect the disengagement of fixation differently. The early offset of the fixation target in the Gap paradigm allows the attentional and oculomotor components of visual fixation to be disengaged prior to the appearance of the saccade target and permits earlier saccade preparation (Fischer & Ramsperger, 1984; Fischer, 1987; Braun & Breitmeyer, 1988; Reuter-Lorenz, Hughes & Fendrich, 1991; Kingstone & Klein, 1993; Mackeben & Nakayama, 1993; Abrams & Dobkin, 1994; Fischer & Weber, 1994) . Thus the Gap paradigm produces shorter SRTs than the Simultaneous paradigm, because attentive fixation is interrupted before rather than in parallel with the 752 DUANE BOh4AN et al. appearance of the saccade target. In the Overlap paradigm the fixation target remains on after the onset of the saccade target. With this paradigm visual fixation must be actively disengaged or cancelled which may postpone saccade initiation and further increase SRTs. We used these established Gap, Simultaneous, and Overlap paradigms to provide distinct ranges of SRTs for comparing fixation behavior during stationary and pursuit fixation.
These three target interval paradigms, however, also provide very different warning cues that can influence saccade initiation (Ross & Ross, 1980) . Therefore we designed additional paradigms with flickering targets that minimized timing cues. We were thus able to compare pursuit and stationary fixation behavior to the three target interval paradigms with reduced warning cues.
Throughout this study, we found that SRTs during pursuit and stationary fixation were similarly affected by the interval paradigms and other task conditions. Part of the study has been previously reported in abstract form (Braun, Boman & Hotson, 1991) .
METHODS

Eye movement recordings and stimulus presentation
Right eye position was monitored with an Generation IV SRI dual-Purkinje-image eyetracker with the autostage and focus servos turned off (Crane & Steele, 1985) . Horizontal and vertical eye and target positions were low-pass filtered (d.c.-100 Hz), digitized with a 12-bit A/D converter at 500 Hz and stored for later analysis using an interactive program.
The target was the green spot of a cathode ray oscilloscope with a Pl phosphor. At the 57 cm viewing distance, the spot subtended 0.2 deg. The target spot was moved under computer control using a pair of D/A converters that were updated at 500 Hz and provided 0.25 min arc resolution. The target spot could be extinguished by moving it behind an occluding patch that was taped to the oscilloscope face. Two targets could be presented by alternating between two locations at 500 Hz.
Six subjects with good visual acuity and no known visual or oculomotor problems participated in the experiments. Informed consent was obtained from each subject before participating in any tests. In each test the subject's head was held steady by a chin rest and four head supports. The room was darkened to minimize peripheral visual cues.
In each test, the subject's task was to maintain foveation on an initial fixation target until a peripheral target appeared and then to saccade to the second target, quickly and accurately. Two initial fixation conditions were used: stationary and pursuit fixation (Fig. 1) . In the stationary fixation condition, the initial fixation target was presented at the center of the oscilloscope screen for a variable period between 3 and 10.5 set before the saccade target appeared. In the pursuit fixation condition, the pursuit target was initially presented 7.5 deg to the left of the oscilloscope center. After initiating the trial, the target moved back and forth across the screen in a triangle wave with individual ramp speeds of 4, 10, or 16 deg/sec. The subjects were instructed to accurately track and keep their eye on the moving target. With the 4 deg/sec triangle wave, the target moved for 9.6-30 set before it disappeared and the peripheral target appeared. With the 10 deg/sec triangle wave, initial target motion was between 3 and 11.5 sec. With the 16 deg/sec triangle wave, initial target motion was between 2.3 and 7.6 sec. The peripheral saccade target was always stationary.
The interval between the offset of the initial fixation target and the onset of the saccade target was also varied. Three target interval paradigms were used:
Gap--the initial fixation target was extinguished 200 msec before the peripheral saccade target appeared;
Simultaneous-the initial fixation target was extinguished at the same time that the saccade target appeared; Overlap-the initial fixation target was extinguished after the saccade target appeared. In the first three experiments, the overlap period lasted for 200 msec. In the experiments that included the flickering fixation target, the overlap period was 100 msec.
Experiment 1
In the first experiment, the comparative effects of stationary and pursuit fixation on SRTs were determined using the Gap, Simultaneous, and Overlap target interval paradigms. Ramp speed in the pursuit fixation trials was always 10 deg/sec. The saccade target appeared 5 deg above or below the initial fixation target. In the pursuit fixation condition the direction and time of onset of the saccade target was unpredictable, while the amplitude of the target step and its vertical relationship to the ramp target offset was uniform and predictable. Two blocks of trials, one with stationary fixation and one with pursuit, were run in each test session. Each block included six trials for each target interval paradigm and each saccade target direction, giving 36 trials in a block. The trials were presented in a randomized order. Each of the three subjects participated in 15 sessions, successfully completing between 68 and 90 trials for each condition.
Experiment 2
The effect of different ramp speeds on SRTs was examined in the second experiment. In these tests, the ramp speed was either 4, 10, or 16 deg/sec and the saccade target always appeared at unpredictable times 5 deg below the initial fixation target. Four blocks of trials were run in each test session, one at each of the pursuit speeds and one with stationary fixation. Each block included six trials for each target interval paradigm, providing 18 trials in a block. Four subjects participated in 12-16 sessions, successfully completing between 58 and 96 trials for each condition.
Experiment 3
In the third experiment, SRTs for vertical and oblique saccades were compared in trials with stationary initial fixation. In these trials the saccade target was vertically displaced 5 deg below the initial fixation target and had one of three horizontal displacements that randomly varied between 0 and 2 deg to the left or right. One block of 72 trials was run in a test session, which included eight trials for each interval paradigm and horizontal offset. Each of the three subjects completed between 65 and 72 trials for each condition.
Experiment 4
The fourth experiment included blocks of trials in which the initial fixation target was alternately turned on and off at 2.5 Hz in order to remove timing cues. The saccade target always appeared at unpredictable times 5 deg below the initial fixation target (Fig. 1) . Four blocks of trials with different fixation conditions were run in a test session: flickering stationary fixation; flickering pursuit fixation; steadily illuminated stationary fixation; and steadily illuminated pursuit fixation. Each block of trials included six trials for the three interval paradigms. Each of the four subjects completed between 57 and 72 trials for each condition. This last experiment also used stationary initial fixation targets that flickered at 1 Hz. The saccade target always appeared 5 deg below the initial fixation target. A single block of trails was run in a test session with 20 trials for each interval paradigm. Each of the five subjects completed between 49 and 60 trials for each condition.
Data analysis
In the analysis program the eye positions from 1 set before to 1 set after the appearance of the saccade target were presented on the computer screen. The beginning and end of the initial saccade to this target were detected by the computer using acceleration criteria and marked on the computer screen. The experimenter could then change the markings or discard the trial when necessary. Trials were discarded whenever eyetracker errors or blinks occurred near the time of the target-directed saccade, whenever the initial saccade was in the wrong direction, and, in a few cases, when a low-velocity saccade was produced. The SRTs and the horizontal and vertical eye positions before and after the initial saccade were recorded for later mean SRT and saccade amplitude calculations. Horizontal and vertical saccade amplitudes were calculated by subtracting the eye positions before the saccade from the eye positions after the saccade.
An analysis of variance (ANOVA) was used for comparisons among the various conditions in each experiment. The analysis in Expt 1 used a three-factor within-subjects design with three subjects. The first factor was fixation condition with two levels (stationary vs pursuit). The second factor was target interval paradigm with three levels (Gap, Simultaneous and Overlap). The third factor was target direction with two levels (up vs down). The dependent variables in Expt 1 were mean SRT and vertical saccade amplitude. The dependent variables were analyzed in separate ANOVAs in this and subsequent experiments.
In Expt 2, a two-factor within-subjects design with four subjects was used. The first factor was ramp speed with three levels (4, 10 and 16 deg/sec) and the second factor was the target interval paradigm with three levels. The three dependent variables were mean SRT, vertical saccade amplitude and horizontal saccade amplitude. In Expt 3, a two-factor within-subjects design with three subjects was used. The first factor was vertical target displacement with three levels (2 deg left, 0 deg, and 2 deg right) and the second factor was the target interval paradigm with three levels. The dependent variable was mean SRT. Pairwise comparisons of mean SRTs for different vertical target displacements were also run. In Expt 4, two sets of analyses were run. The first was a three-factor within-subjects design with five subjects. The first factor was fixation condition with two levels. The second factor was the target interval paradigm with three levels. The third factor was the fixation target illumination conditions with two levels (steady vs flickering). The second analysis for Expt 4 was a one factor (target interval paradigm) within subjects design with five subjects. For each analysis in Expt 4, the dependent variable was mean SRT.
RESULTS
Experiment I
In the initial comparison between stationary and pursuit fixation, vertical SRTs were measured in three subjects with the Gap, Simultaneous, and Overlap paradigms intermixed. Blocks of trials were run with either stationary fixation or pursuit fixation on a 10 deg/ set ramp target. The saccade target appeared either 5 deg above or below the stationary or pursuit fixation target (Figs 1 and 2) .
The ANOVA analyses revealed no interaction effects and no main effects of saccade target direction. The mean SRT analysis revealed that the main effect of target interval paradigm was significant (P = 0.004) as was the main effect of fixation condition (P = 0.013). The vertical saccade amplitude analysis revealed no main effects.
In both pursuit and stationary fixation trials, SRTs for all three subjects were shortest with the Gap paradigm, intermediate with the Simultaneous paradigm and longest with the Overlap paradigm (Fig. 3) . In the stationary fixation trials the Gap paradigm decreased the SRTs by an average of 62 msec, while the Overlap paradigm increased the SRTs by 35 msec, when compared the Simultaneous paradigm results. Similarly, in the pursuit fixation trials the Gap paradigm decreased the SRTs for the three subjects by an average of 66 msec, while the Overlap paradigm increased the SRTs by 47 msec.
Each subject also produced longer average SRTs during smooth pursuit fixation, than during stationary fixation with all three target interval paradigms. This SRT increase ranged from 10 to 35 msec with an average of 18 msec.
The quality of smooth pursuit with the 10 deg/sec target was estimated by measuring the average horizontal smooth eye velocity in the 100 msec immediately prior to the saccade target onset. The average smooth pursuit velocity for each the three subjects in the Gap paradigm ranged from 8.1 to 8.7 deg/sec (mean = 8.4). In the Simultaneous paradigm pursuit velocity ranged from 9.5 to 9.6 deg/sec (mean = 9.5) and in the Overlap paradigm the velocity ranged from 9.1 to 9.6 deg/sec (mean = 9.4).
Saccade direction did not have a consistent affect on SRTs, although each subject showed certain trends. One subject consistently had shorter SRTs for upward saccades. The other two subjects had shorter SRTs for downward saccades in the Simultaneous and Overlap paradigms but were usually faster for upward saccades in the Gap paradigm. Average saccade amplitudes were usually hypometric, but ranged between 4.0 and 5.5 deg (Fig. 4) .
Saccadic intrusion occurred during both stationary and pursuit fixation. In all three target interval paradigms a similar frequency of saccadic intrusions occurred during the 200 msec prior to saccade target appearance. In the stationary fixation trials the three subjects had on average 0.25 saccadic intrusions during the 200 msec period in condition by mechanisms such as saccadic suppression or a requisite minimal intersaccade interval following saccadic intrusions (Sperling, 1990; Becker, 1989) . SRTs were decreased when the saccade target was presented only below the fixation target, rather than at one of two locations in opposing directions (Fischer & Ramsperger, 1984) . In this more predictable, unidirectional saccade task, however, average SRTs remained longer with pursuit fixation compared to stationary fixation and the affects of the Gap, Simultaneous and Overlap paradigms on SRTs also persisted. Therefore, in the remaining experiments, unidirectional tests were run, reducing the total number of experimental trials.
Experiment 2
The results in the first experiment indicated that the Gap, Simultaneous and Overlap target interval paradigms had similar affects on SRTs during stationary and pursuit fixation viewing conditions. The SRTs following smooth pursuit, however, were consistently longer than following stationary fixation independent of the interval between fixation target offset and saccade target onset. This increase of SRTs following smooth pursuit could indicate a difference in fixation processes during stationary and pursuit fixation.
An alternative explanation for these differences is that the programming of saccades during smooth pursuit is more complex and time consuming than when the eyes are stationary. During stationary fixation the required amplitudes and directions of the target directed saccades were uniform. However, during pursuit fixation the required saccades were often oblique, including a variable horizontal component. This horizontal component compensated for the change in eye position due to the still ongoing smooth pursuit eye movements (Fig. 2) . If the calculation of this variable horizontal component added to SRTs during pursuit then a variation in SRTs with different pursuit velocities may occur. To examine this possibility, the SRTs of saccades to targets appearing below the initial fixation target were measured for ramp speeds of 4, 10, and 16 deg/sec with the Gap, Simultaneous and Overlap fixation paradigms.
The ANOVA analyses revealed no interaction effects. The mean SRT analysis revealed no main effect of ramp speed, whereas the main effect of the target interval paradigms was significant (E'= 0.001; Fig. 5 ). The 758 DUANE BOMAN et al.
Simultaneous Overlap Gap Simultaneous
Trial Type Overlap FIGURE 6. Mean horizontal saccade amplitudes and SEs for four subjects (A) and for an individual subject (B) from the three different fixation interval paradigms following pursuit fixation at three different speeds: 4, 10 and 16 degkec. Horizontal saccade amplitudes were significantly affected by both pursuit speed and the interval paradigms.
horizontal saccade amplitude analysis revealed that the main effect of ramp speed was significant (P < 0.001) as was the main effect of the target interval paradigm (P = O.OOl), which was mainly due to small horizontal amplitudes in the Gap paradigm, when compared to the Simultaneous and Overlap target intervals (Fig. 6) . The vertical saccade amplitude analysis revealed no main effects. With all three ramp speeds, SRTs were always lowest in the Gap paradigm and highest in the Overlap paradigm. This result confirms the results of Expt 1, showing that fixation behavior is similar following stationary and pursuit fixation.
Experiment 3
In the first two experiments, an increase in vertical SRTs following pursuit fixation as compared to stationary fixation was found. This increase could be due to differences in fixation processes during pursuit and stationary fixation. Alternatively, the increased SRTs could be due to differences in programming requirements for variable, oblique saccades that occurred during pursuit, but not stationary fixation (Ring, Lisberger & Fuchs, 1986; Becker & Jurgens, 1990) .
This possibility was studied in three subjects by comparing SRTs in a stationary fixation task in which the saccade target randomly appeared at one of three locations below the initial fixation target. In each trial, the required vertical saccade amplitude was 5 deg and the required horizontal saccade amplitude was either 0 or 2 deg to the left or right. This unpredictable horizontal displacement simulated the variability in saccade trajectories that occurred in the tests with pursuit fixation at 10 or 16 deg/sec. The effect of the Gap, Simultaneous and Overlap paradigms on saccades in this variable step task was also determined. The ANOVA analysis revealed no interaction effects. The main effect of saccade target position was significant (P = 0.011) as was the main effect of the target interval paradigm (P = 0.001). The Gap paradigm decreased and the Overlap paradigm increased SRTs to each target position similar to the results of the first two experiments. Pairwise comparisons of mean SRTs revealed that vertical SRTs were significantly different than oblique SRTs to the left (P = 0.007) and slightly different from oblique SRTs to the right (P = 0.082). Oblique SRTs to the left and right did not differ significantly from each other (P = 0.308).
On average, SRTs for oblique downward saccades initiated after stationary fixation were 12 msec longer than for purely vertical saccades (range 2-32 msec) (Fig.  7) . In the first two experiments, SRTs during pursuit fixation were, on the average, 18 msec longer than during stationary fixation trials. The addition of an oblique component to the required saccades could explain much of the difference between SRTs following pursuit and stationary fixation, without implicating separate fixation mechanisms.
Experiment 4
In each of the first three experiments, SRTs were decreased during the Gap paradigm and increased during the Overlap paradigm when compared to the Simultaneous interval paradigm. The changes in SRTs with the different target interval paradigms may reflect differences in the timing for fixation disengagement. The Gap, Simultaneous and Overlap paradigms, however, also contain timing cues provided by the offset of the initial fixation target that may significantly affect SRTs (Ross & Ross, 1980) . Furthermore, the effect of these timing cues 
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Trial Type
Overlap FIGURE 8. Mean SRTs and SEs for five subjects (A) and for an individual subject (B) from the three different fixation interval paradigms following four different initial fixation targets: steadily illuminated pursuit target, steadily illuminated stationary targets, flickering pursuit targets, and flickering stationary targets. Flicker frequency was 2.5 Hz. SRTs with flickering fixation targets were consistently higher than with steadily illuminated fixation targets. The flickering fixation targets with the GAP paradigm produced SRTs that were lower in the pursuit task than the stationary task, the opposite of the preceding experiments.
could be different during stationary and pursuit fixation, contributing to the higher SRTs during smooth pursuit. Removal of these timing cues therefore may reduce many of the differences observed in the preceding experiments.
We attempted to reduce timing cues by flickering the stationary and pursuit fixation targets. The fixation spot was turned on and off at 2.5 Hz. This flicker frequency produced 200 msec gaps in the presentation of the fixation target which prevented luminance offset from being a timing cue, while still providing a satisfactory smooth pursuit target. In this experiment, the Overlap paradigm included only 100 msec of overlap between the fixation and saccade targets. In this way the saccade target appeared in the middle of a 200 msec fixation target illumination.
Providing 200 msec of overlap would have required the simultaneous illumination of the fixation and saccade targets. We felt that the reduction in overlap duration was less of an alteration of the paradigm than having the fixation and saccade targets simultaneously reilluminated. The ANOVA analysis for this test revealed no interaction effects and no main effect of fixation condition. The main effect of the illumination condition was significant (F' c 0.001) as was the main effect of the target interval paradigm (Z' c 0.001).
In all five subjects, SRTs with flickering fixation 
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Overlap FIGURE 9. Mean SRTs and SEs for five subjects (A) and for an individual subject (B) from the three different fixation interval paradigms following fixation on a stationary target that flickered at 1 Hz. SRT differences for the interval paradigms were reduced, but were still shortest in the Gap paradigm and longest in the Overlap paradigm.
targets were longer (average = 46 msec; range = 5-115 msec) than with steadily illuminated fixation targets (Fig. 8) . This result suggested that flickering fixation targets reduced luminance offset cues. The effects of flickering a fixation light on oculomotor performance, however, are complex (West & Boyce, 1968; Haddad & Winterson, 1975) . In the same five subjects the flickering fixation targets also decreased the SRT differences for the different target intervals.
With stationary fixation the average SRT difference between the Gap and Simultaneous paradigms was 94 msec with the steadily illuminated fixation point, but only 21 msec with the flickering fixation target. The SRT differences between the Simultaneous and Overlap paradigms, however, were similar and approx. 25 msec with both steadily illuminated and flickering fixation targets. With pursuit fixation the SRT difference between the Gap and Simultaneous paradigms was decreased from 77 msec with the steadily illuminated target to 46 msec with the flickering target. Again the SRT differences between the Simultaneous and Overlap paradigms were similar (31 and 24 msec respectively). Therefore, attempts at decreasing the timing cues reduced, but did not eliminate the SRT differences produced with the three interval paradigms.
Unlike the previous experiments, SRTs for pursuit and stationary conditions were not consistently different. In fact, this experiment produced the first condition in which average SRTs for a pursuit fixation condition were consistently lower than for a stationary fixation condition (Fig. 8) . For the Gap paradigm with flickering fixation, average SRTs for the five subjects were 12 msec lower for pursuit than for stationary fixation trials, probably due to additional motion dependent timing cues in the pursuit fixation condition.
In the Simultaneous and Overlap paradigms, average SRTs during pursuit fixation remained 16 msec higher than during stationary fixation. Therefore, in these latter two target interval paradigms with flickering fixation points and in all three paradigms with steadily illuminated targets, minimizing the lumi-nance offset cue did not reduce the difference between pursuit and stationary fixation SRTs. The 2.5 Hz flickering of the fixation point reduced but did not eliminate the effect of the target interval paradigms, raising the question of remaining timing cues. For example, in the Gap paradigm, the flickering fixation target was expected to reappear 200 msec after being extinguished. Its failure to reappear when the saccade target appeared may have been an effective cue for saccade initiation. Therefore, an additional experiment was run with a 1 Hz flicker frequency to eliminate this cue. With each target interval paradigm, subjects initiated their saccade response long before the expected reappearance of the initial fixation target. Only stationary fixation trials were run as it is very difficult to maintain smooth pursuit through 500 msec target gaps without a substantial drop in pursuit velocity (Barnes & Asselman, 1992) .
Flickering the fixation target at 1 Hz did not eliminate the effect of the different target interval paradigms (Fig.  9 ). On average, SRTs during the Gap paradigm were 17 msec shorter than with the Simultaneous paradigm. Also SRTs during the Overlap paradigms were, on average, 27 msec higher than with the Simultaneous paradigm. The ANOVA analysis for this test revealed that the main effect of the target interval paradigm was significant (P = O.OOl), similar to the results with the 2.5 Hz target. The effects of the different target interval paradigms on SRTs were not eliminated with progressive attempts to reduce timing cues. These paradigms may directly influence the disengagement of visual fixation independent of timing cues.
DISCUSSION
In this study, we compared SRTs following fixation on stationary and moving targets using Gap, Simultaneous and Overlap target interval paradigms. In particular, we looked for differences in stationary and pursuit fixation behavior that might imply the existence of multiple fixation mechanisms. We found that SRTs following stationary and pursuit fixation were similarly affected by the three target interval paradigms and by target predictability. SRTs with both stationary and pursuit fixation were shortest with the Gap paradigm, intermediate with the Simultaneous paradigm and longest with the Overlap paradigm. In all but one case, changing the timing cues inherent in these target interval paradigms had similar affects on SRTs following stationary and pursuit fixation. Increasing the predictability of saccade target direction decreased SRTs following stationary and pursuit fixation. Therefore saccade initiation following stationary and pursuit fixation reflect similar behaviors under a variety of target conditions.
It has been recently reported that vergence eye movement reaction times and SRT with extrafoveal fixation are also reduced by the Gap paradigm and increased by the Overlap paradigm (Tam & Ono, 1994) . In this same report SRT during pursuit were found to be increased when the pursuit and saccade targets overlapped compared to simultaneous offset and onset. These findings also suggest that similar fixation behavior occurs under a variety of stationary and dynamic oculomotor tasks.
SRTs, however, were longer following smooth pursuit than with stationary fixation. With pursuit the eye was moving horizontally when the vertical saccade target appeared and continued to move until saccade initiation. This movement introduced variability in the required saccade direction and amplitude which could increase the time need to program saccade trajectories. In Expt 2, further increasing the variability of the required saccades by changing smooth pursuit velocity had little affect on SRTs following pursuit fixation. In Expt 3, the variability of saccade trajectories observed following pursuit fixation was simulated with three different target locations following stationary fixation. In this simulation SRTs for oblique saccades were longer than for purely vertical saccades during stationary fixation. Most of the SRT increase with pursuit fixation as compared to stationary fixation could be explained by increased requirements for programming oblique saccades, rather than different fixation processes.
This study also demonstrated that reducing timing cues decreases, but does not eliminate, the SRT differences produced with the Gap, Simultaneous and Overlap paradigms. Timing cues were reduced by flickering fixation targets on and off. With the steadily illuminated pursuit and stationary fixation targets, the average SRTs for the Gap and Overlap paradigms differed by 70-124 msec. With stationary flickering fixation targets, this difference was reduced to 45 msec but continued to be significant. It has been hypothesized that the Gap, Simultaneous and Overlap paradigms alter SRTs by differentially affecting the state of visual fixation. These paradigms may influence both the disengagement of attention and active fixation as well as facilitate the initiation of saccade programming. At present, it is unclear whether the Gap paradigm has greater effects on the attentional or the oculomotor components of visual fixation (Fischer & Ramsperger, 1984; Fischer, 1987; Braun & Breitmeyer, 1988; Reuter-Lorenz et al., 1991; Kingstone & Klein, 1993; Mackeben & Nakayama, 1993; Abrams & Dobkin, 1994; Fischer & Weber, 1994; Tam & Ono, 1994) . Our finding that these target interval paradigms remain effective after timing cues are reduced and further validates the use of these paradigms as a measure of fixation behavior.
Present evidence indicates that stationary and pursuit fixation behave similarly in a variety of tasks that influence attentive fixation, prediction and visual inputs. Stationary and pursuit fixation may share similar, widely distributed neural mechanisms.
